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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a projection 
aligner wherein a control precision for exposure value 
is prevented from degrading, which is caused by 
irradiation fluctuation (or pulse energy fluctuation) on 
a substrate which is generated by transmittance 
fluctuation of a projection optical system. 
SOLUTION: The light quantity of ultraviolet pulse light 
IL incident on a projection optical system PL is 
measured through an integrator censor 9, the light 
quantity or the ultraviolet pulse light IL transmitting 
the projection optical system PL is measured through 
an irradiation amount monitor 32, and the amount of 
transmission light is divided by an incident light 
amount, thus calculating the transmittance of the 

projection optical system PL. With the transmittance obtained as a function of an 
integration value of the incident light quantity, the integration value of the incident light 
quantity measured through the integrator sensor 9 is substituted for the function at 
exposure to estimate the transmittance of the projection optical system PL, and, according 
to the transmittance, the output of, for example, an excimer laser light source 1 is 
controlled for controlling an exposure value. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the projection aligner equipped with the illuminating system which irradiates the pattern 
formed in the mask by the predetermined exposure energy beam of an ultraviolet area, and the 
projection optics which projects the image of the pattern of said mask on a substrate The amount 
measurement system of incidence energy which measures the amount of incidence energy to said 
projection optics, The amount addition system of incidence energy which integrates the 
measurement value of this amount measurement system of incidence energy, and calculates the total 
amount of incidence energy to said projection optics, The amount measurement system of injection 
energy which measures the amount of injection energy from said projection optics, The permeability 
property storage section which memorizes the rate of change to said total amount of incidence 
energy of the permeability of said projection optics computed based on the measurement result of 
said amount measurement system of incidence energy, said amount addition system of incidence 
energy, and said amount measurement system of injection energy, The operation system which 
computes the permeability of said projection optics serially based on the rate of change of the 
permeability memorized by this permeability property storage section, and the output of said amount 
addition system of incidence energy, The projection aligner characterized by establishing the light 
exposure control system which controls the light exposure of said exposure energy beam irradiated 
on said substrate through said projection optics according to the permeability computed by this 
operation system from said illuminating system. 

[Claim 2] It is a projection aligner according to claim 1. Said permeability property storage section 
Besides the rate of change to said total amount of incidence energy of the permeability of said 
projection optics The rate of change of the permeability of said projection optics over the elapsed 
time after interrupting the exposure of said exposure energy beam is memorized. Said operation 
system The projection aligner characterized by computing the permeability of said projection optics 
serially based on the elapsed time after interrupting the output of two kinds of rate of change of the 
permeability memorized by said permeability property storage section, and said amount addition 
system of incidence energy, and the exposure of said exposure energy beam. 
[Claim 3] The projection aligner characterized by having the stage system which is a projection 
aligner claim 1 or given in two, and moves said mask and said substrate, respectively, and carrying 
out the synchronous scan of said mask and said substrate relatively to said projection optics through 
said stage system at the time of exposure. 

[Claim 4] Scanning said mask to said projection optics through said stage system like the time of 
actual exposure, in case it is the exposure approach using a projection aligner according to claim 3 
and the transmission of said projection optics is measured The measurement value by said amount 
measurement system of incidence energy and said amount measurement system of injection energy 
is incorporated. The permeability of said projection optics is computed by amending this 
measurement value that was crowded picking by the pattern abundance of said mask. The exposure 
approach characterized by controlling the light exposure of said exposure energy beam to said 
substrate based on the transmission amended and obtained by the pattern abundance of said mask at 
the time of the exposure to said substrate. 

[Claim 5] The 1st process which is the manufacture approach of the circuit device for manufacturing 
a predetermined circuit device using a projection aligner claims 1 and 2 or given in three, and applies 
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sensitive material on said substrate, Based on the rate of change of the permeability memorized by 
said permeability property storage section, and the output of said amount addition system of 
incidence energy, the permeability of said projection optics is serially computed through said 
operation system. Controlling the light exposure of said exposure energy beam irradiated by said 
light exposure control system on said substrate through said projection optics according to the this 
permeability computed from said illuminating system The manufacture approach of the circuit 
device characterized by having the 2nd process which exposes the pattern image of said mask to 
each shot field on said substrate, the 3rd process which performs development of said substrate, and 
the 4th process which forms a circuit pattern in each shot field on said substrate after this 
development, respectively. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the projection aligner used in order to imprint a 
mask pattern on a substrate through projection optics at the lithography process for manufacturing a 
semiconductor device, a liquid crystal display component, or the thin film magnetic head, the 
exposure approach using this projection aligner, and the manufacture approach of the circuit device 
using this projection aligner. 
[0002] 

[Description of the Prior Art] Since it corresponds to improvement the degree of integration of a 
semiconductor device, and whenever detailed, in the aligner which bears the lithography process (it 
consists of a resist spreading process, an exposure process, and a resist development process 
typically) for manufacturing a semiconductor device, it is required that resolution, imprint fidelity, 
etc. should be raised more. Thus, in order to raise resolving power and imprint fidelity, it is 
necessary to perform light exposure control for exposing the resist first applied on the wafer as a 
substrate with proper light exposure with high precision. 

[0003] Now, in the manufacture site of a semiconductor device, the contraction projection aligner 
(stepper) of a step-and-repeat method using the contraction projection optics it is 1/5 time whose 
projection scale factor from a reticle to a wafer of this is mainly used abundantly among the bright 
lines of a mercury electric-discharge lamp considering i line with a wavelength of 365nm as 
illumination light for exposure. Moreover, in order to avoid that the projection visual field of 
contraction projection optics becomes extremely large as a trend for the past several years with 
enlargement of the size (chip size) of the circuit device formed on a wafer By carrying out constant 
speed scanning to a contraction scale factor with the same velocity ratio in the direction which 
corresponds a wafer within the visual field by the side of the image surface of the projection optics, 
carrying out constant speed scanning of the reticle in the predetermined direction within the visual 
field by the side of the body side of the projection optics The contraction projection aligner of step - 
which carries out scan exposure of the overview of the circuit pattern of a reticle to each field on a 
wafer, and - scanning method also attracts attention. 

[0004] In the conventional light exposure control, the permeability to the illumination light for 
exposure of projection optics had calculated the light exposure in the front face of a wafer for a short 
time as what is not changed using the permeability of the projection optics measured at a certain time 
for example, in front of exposure from the quantity of light and the permeability of the illumination 
light which branched within the illumination-light study system. And the exposure time was 
controlled so that the addition value of the light exposure calculated would turn into a predetermined 
value, if it was a stepper, and when it was step - and - scanning method, the output of the light source 
or the scan speed was controlled so that the light exposure calculated became a fixed value. 
[0005] 

[Problem(s) to be Solved by the Invention] Recently, in order to short-wavelength-ize exposure 
wavelength and to heighten resolution more, the projection aligner of the step-and-repeat method 
which used ultraviolet pulsed light with a wavelength [ from an excimer laser ] of about 250nm or 
less as illumination light for exposure, step and - scanning method is developed, and the projection 
aligner which used the KrF excimer laser with a wavelength of 248nm is beginning to be completely 
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fed into a production line. Furthermore, the ArF excimer laser which outputs ultraviolet pulsed light 
with a wavelength [ of short wavelength ] of 193nm more is also developed, and promising ** of this 
is carried out as the future light source for exposure. 

[0006] Since some absorption bands of oxygen exist in the wavelength band in the natural oscillation 
condition of that ultraviolet pulsed light when using this ArF excimer laser as the exposure light 
source, it is necessary in the wavelength property of pulsed light to narrow-band-ize those absorption 
bands on the avoided wavelength. Furthermore, it is necessary to make it an environment in which 
oxygen is not contained as much as possible in the illumination-light way from the exposure light 
source to a reticle, and the projection optical path from a reticle to a wafer, i.e., to also permute most 
of those illumination-light ways and projection optical paths with inert gas (nitrogen gas, gaseous 
helium, etc.). An example of the projection aligner using such an ArF excimer laser is indicated by 
JP,6-260385,A and JP,6-260386,A. 

[0007] As practical ****** material which has desired permeability to the ultraviolet pulsed light 
(wavelength of about 250nm or less) from the above excimer lasers, two, a current place, a quartz 
(Si02), and a fluorite (fluorite: CaF2), are only known. Of course, although magnesium fluoride, 
lithium fluoride, etc. are known in addition to this, in order to consider as the ****** material for 
projection aligners, it is necessary to solve the problem of workability, the problem of endurance, 
etc. 

[0008] As projection optics carried in a projection aligner, the catadioptric system (reflective 
refractive media) constituted from combination of a dioptrics component (lens element) and a 
reflected light study component (especially concave mirror) other than dioptric ** (refractive media) 
is also used about this. Even if it adopts the projection optics of which type, for using a dioptrics 
component (penetrable optical element), it is unchanging, and, at present, two kinds of ** material of 
a quartz and a fluorite must be used as a dioptrics component, furthermore, make it a dioptrics 
component — make it a reflected light study component — multilayers, such as an antireflection film 
and a protective layer, are vapor-deposited by the front face, and it is manufactured so that the 
engine performance as an optical element simple substance may be in a predetermined condition. It 
is the how large engine performance which it should take notice of especially here the absolute value 
of the permeability of a lens element simple substance or the absolute value of the reflection factor 
of a reflected light study component simple substance can take. 

[0009] For example, in the case of the lens element simple substance, generally the coat of the 
antireflection film etc. is carried out to both the plane of incidence of light, and the injection side of 
the 2nd page, and it is devised so that permeability may be raised as much as possible. The 
permeability of the whole projection optics becomes quite small only by there being many lens 
elements used in order to amend various kinds of aberration properties good in precise image 
formation optical system as 20-30 sheets, and the permeability of each lens element being slightly 
lower than 100% like projection optics. Moreover, also by the projection optics containing some 
reflected light study components, when the reflection factor of each reflected light study component 
is low, the permeability of the whole projection optics also becomes low. 

[0010] if each permeability of these lens elements is made into 96% when the number of the lens 
elements which constitute the image formation optical path of projection optics is 25 — the 
permeability epsilon as the whole projection optics — about 36% (**0.9625xl00) — it becomes and 
becomes small. If the measures of whether increase of the reinforcement (energy) of the illumination 
light for exposing the circuit pattern image of a reticle on a wafer is aimed at or to use the resist for 
ultraviolet rays with more high sensibility are not taken when the transmission of projection optics is 
low, a throughput will fall according to increase of the exposure time. Then, it is possible to prepare 
a high power excimer laser as a cure realizable by the projection aligner side. 
[001 1] However, when various kinds of exposure experiments were conducted with the projection 
aligner with comparatively large field size using an excimer laser, the new phenomenon of changing 
dynamically the permeability of the coat material (for example, thin films, such as an antireflection 
film) of the optical element within projection optics or an optical element between short time was 
discovered by the exposure of the illumination light (KrF excimer laser light or ArF excimer laser 
light) of an ultraviolet wavelength region. It has turned out that this phenomenon may be generated 
completely similarly about the optical element of the illumination-light study systems which 
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illuminate not only the optical element within projection optics but a reticle, and the reticle (quartz 
plate) itself. 

[0012] the gas (air — ) to which such a phenomenon exists in the space in a projection optical path 
and an illumination-light way The molecule of the organic substance which generates the impurity 
and optical element which are contained in nitrogen gas etc. from the adhesives for fixing to a lens- 
barrel etc., Or it is thought that the impurity (for example, matter which diffuses a water molecule, 
the molecule of a hydrocarbon, or illumination light other than these) generated from the walls 
(painted surface for acid resisting etc.) of the lens-barrel adheres on the surface of an optical element, 
or it happens by advancing into an illumination-light way (suspension). Consequently, un-arranging 
[ of changing comparatively sharply the permeability of projection optics and the permeability of an 
illumination-light study system ] arises. 

[0013] For example, as for the permeability epsilon of the whole projection optics, the above- 
mentioned lens element will fall to about 27.7% (**0.9525xl00), supposing permeability epsilon fell 
by 25 sheets and the permeability of a lens element simple substance falls only 1% uniformly by 
about 36% of projection optics. Fluctuation of such permeability changes the light exposure which 
should be given on a wafer from a proper value, and has a possibility of degrading the imprint 
fidelity of a detailed pattern with a design line breadth of about 0.25-0.18 micrometers imprinted on 
a wafer. In the conventional projection aligner, the optical reinforcement of the illumination light is 
detected by the position within the optical path of an illumination-light study system, and the 
reinforcement (energy per one pulse) of the pulsed light from an excimer laser is adjusted so that 
proper light exposure may be obtained based on the optical reinforcement, as indicated by JP,2- 
135723,A, for example. For this reason, in the conventional projection aligner, permeability 
fluctuation of the illumination-light study system after the part in the illumination-light way which 
has detected the reinforcement of the illumination light for light exposure control, or projection 
optics was not considered at all, but there was a possibility that exact light exposure control might 
become impossible. 

[0014] Moreover, when the exposure of the ultraviolet pulsed light to projection optics is suspended, 
the phenomenon in which the permeability of the projection optics is recovered gradually 
(fluctuation) is also found out. In such a case, if the exposure of ultraviolet pulsed light is started 
again and exposure is resumed, since the permeability of projection optics will be changed, there is a 
possibility that exact light exposure control may become difficult. This invention sets it as the 1st 
purpose to offer the projection aligner which prevented degradation of the control precision of the 
light exposure resulting from the illuminance fluctuation (or pulse energy fluctuation) on the 
substrate generated by permeability fluctuation of projection optics in view of this point. 
[0015] Furthermore, this invention sets it as the 2nd purpose to offer the exposure approach by 
which good light exposure control precision is acquired using such a projection aligner. Furthermore, 
this invention sets it as the 3rd purpose to offer the manufacture approach of the circuit device which 
can form a circuit pattern on a substrate with high imprint fidelity using such a projection aligner. 
[0016] 

[Means for Solving the Problem] The illuminating system which irradiates the pattern with which the 
projection aligner by this invention was formed in the mask (R) by the predetermined exposure 
energy beam of an ultraviolet area (1-19), In the projection aligner equipped with the projection 
optics (PL) which projects the image of the pattern of the mask on a substrate (W) The amount 
measurement system of incidence energy which measures the amount of incidence energy to 
projection optics (PL) (9), The amount addition system of incidence energy which integrates the 
measurement value of this amount measurement system of incidence energy, and calculates the total 
amount of incidence energy to that projection optics (64), The amount measurement system of 
injection energy which measures the amount of injection energy from the projection optics (32), The 
amount addition system of amount measurement system of incidence energy (9) incidence energy 
(64), And the permeability property storage section which memorizes the rate of change to the total 
amount of incidence energy of the permeability of the projection optics computed based on the 
measurement result of the amount measurement system of injection energy (32) (68), The operation 
system which computes the permeability of that projection optics serially based on the rate of change 
of the permeability memorized by this permeability property storage section, and the output of the 
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amount addition system of incidence energy (64) (67), The light exposure control system (25 1, 69; 
22, 27) which controls the light exposure of that exposure energy beam irradiated on that substrate 
through that projection optics according to the permeability computed by this operation system from 
that illuminating system is established. 

[0017] According to this this invention, the transmission of projection optics can be mostly 
presumed with high precision on real time by measuring and memorizing transmission change of 
projection optics to the total incidence energy of an exposure energy beam beforehand, and applying 
to transmission change memorized previously, measuring the energy which carries out incidence to 
projection optics from the time of exposure initiation, i.e., exposure initiation of an exposure energy 
beam, at the time of actual exposure. By controlling light exposure to offset change of the 
permeability, degradation of the control precision of the light exposure resulting from the 
illuminance fluctuation (or pulse energy fluctuation) on the substrate generated by permeability 
fluctuation of projection optics can be prevented. 

[0018] The permeability property storage section (68) in this case, besides the rate of change to that 
total amount of incidence energy of the permeability of that projection optics The rate of change of 
the permeability of the projection optics over the elapsed time after interrupting the exposure of the 
exposure energy beam is memorized. An operation system (67) It is desirable to compute the 
permeability of the projection optics serially based on the elapsed time after interrupting the output 
of two kinds of rate of change of the permeability memorized by the permeability property storage 
section (68) and the amount addition system of incidence energy (9) and the exposure of the 
exposure energy beam. Even when the permeability of projection optics is not immediately 
recovered enough after interruption of the exposure of an exposure energy beam by this, change of 
the permeability of projection optics can be presumed with high precision. 

[0019] Moreover, it may have the stage system (20A, 20B, 24) which moves a mask and a substrate, 
respectively, and the synchronous scan of the mask and its substrate may be relatively carried out to 
the projection optics through the stage system at the time of exposure. This means having applied 
this invention to the projection aligner of a scan exposure method. In this case, in order to control 
light exposure, the output of the exposure light source is controlled, and also a scan speed may be 
controlled. 

[0020] Moreover, scanning the mask to the projection optics through the stage system like the time 
of actual exposure, in case the exposure approach of this invention is the exposure approach which 
used the projection aligner and the transmission of the projection optics is measured The 
measurement value by the amount measurement system of incidence energy (9) and the amount 
measurement system of injection energy (32) is incorporated. Thus, the permeability of the 
projection optics is computed by amending the incorporated measurement value by the pattern 
abundance (or pattern permeability) of the mask. It is desirable to control the light exposure of the 
exposure energy beam to the substrate based on the transmission amended and obtained by the 
pattern abundance of the mask at the time of the exposure to the substrate. It is prevented by this that 
the permeability of projection optics is incorrect-measured under the effect of the pattern abundance 
(pattern permeability) of a mask. 

[0021] Moreover, the 1st process which the manufacture approach of the circuit device of this 
invention is the manufacture approach of the circuit device for manufacturing a predetermined 
circuit device using the projection aligner of this invention, and applies sensitive material on the 
substrate (step 173), Based on the rate of change of the permeability memorized by the permeability 
property storage section (68), and the output of the amount addition system of incidence energy (9), 
the permeability of the projection optics is serially computed through an operation system (68). 
Thus, controlling the light exposure of the exposure energy beam irradiated by the light exposure 
control system on the substrate through the projection optics according to the permeability computed 
from the illuminating system The 2nd process which exposes the pattern image of the mask to each 
shot field on the substrate (step 174), It has the 3rd process (step 175) which develops that substrate, 
and the 4th process (step 176) which forms a circuit pattern in each shot field on that substrate after 
this development, respectively. In this case, since proper light exposure is obtained at an exposure 
process, the imprint fidelity of a circuit pattern improves. 
[0022] 
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[Embodiment of the Invention] Hereafter, with reference to a drawing, it explains per gestalt of 
operation of the 1st of this invention. This example applies this invention, when exposing with the 
projection aligner of step - and - scanning method, the beam matching unit (BMU) 3 which drawing 
1 shows the outline configuration of the projection aligner of this example, and contains movable 
Miller for ultraviolet pulsed light IL as an exposure light narrow-band-ized on the wavelength of 
193nm from the ArF excimer laser 1 to make an optical path match in location between the bodies of 
an aligner etc. in this drawing 1 — a passage — the pipe 5 of protection-from-light nature ~ minding - 
- the adjustable beam attenuator 6 as an optical attenuator — incidence — carrying out . While the 
exposure control unit 30 for controlling the light exposure to the resist on a wafer controls initiation 
of luminescence of the ArF excimer laser 1 and a halt, and the output that becomes settled with an 
oscillation frequency and pulse energy in a list, the rate of extinction to the ultraviolet pulsed light in 
the adjustable beam attenuator 6 is adjusted gradually or continuously. In addition, as an exposure 
light, also when using KrF excimer laser light with a wavelength of 248nm or a laser beam with 
another wavelength of about 250nm or less, this invention is applied. 

[0023] Incidence of the ultraviolet pulsed light IL which passed along the adjustable beam attenuator 
6 is carried out to the fly eye lens 1 1 through the beam plastic surgery optical system which consists 
of lens systems 7A and 7B arranged in accordance with a predetermined optical axis. Thus, although 
the number of the fly eye lenses 1 1 is one in this example, you may make it arrange two steps of fly 
eye lenses to a serial as it is indicated by JP,1-235289,A in order to raise illumination distribution 
homogeneity for example. The aperture-diaphragm system 12 of an illumination system is arranged 
in the injection side of the fly eye lens 11. The circular aperture diaphragm for lighting, the aperture 
diaphragm for deformation lighting which consists of two or more small openings which carried out 
eccentricity, the aperture diaphragm for zona-orbicularis lighting, etc. are usually arranged free [ a 
switch ] at the aperture-diaphragm system 12. Incidence of the ultraviolet pulsed light EL which was 
injected from the fly eye lens 1 1 and passed the predetermined aperture diaphragm in the aperture- 
diaphragm system 12 is carried out to the beam splitter 8 with a low reflection factor with high 
transmission. Incidence of the ultraviolet pulsed light reflected by the beam splitter 8 is carried out to 
the integrator sensor 9 which consists of a photodetector, and the detecting signal of the integrator 
sensor 9 is supplied to the exposure control unit 30. 

[0024] The permeability of a beam splitter 8 and a reflection factor are measured with high precision 
beforehand, the memory in the exposure control unit 30 memorizes, and the exposure control unit 30 
is constituted so that the monitor of the amount of incident light and its integral value of ultraviolet 
pulsed light IL to projection optics PL can be carried out more nearly indirectly than the detecting 
signal of the integrator sensor 9. In addition, in order to carry out the monitor of the amount of 
incident light to projection optics PL, beam splitter 8 A is arranged, the reflected light from this beam 
splitter 8 A is received by photodetector 9A, and you may make it supply the detecting signal of 
photodetector 9A to the exposure control unit 30 before lens system 7A into drawing 1 , as a two-dot 
chain line shows. 

[0025] Incidence of the ultraviolet pulsed light IL which penetrated the beam splitter 8 is carried out 
to fixed lighting field-diaphragm (fixed blind) 15 A within the reticle blind device 16 through the 
condensing lens system 14. Fixed blind 15A has opening arranged so that it may be extended in the 
center within the circular visual field of projection optics PL in the scan exposure direction and the 
direction which intersected perpendicularly the shape of a straight-line slit, and in the shape of a 
rectangle (collectively henceforth "the shape of a slit") as indicated by JP,4-196513,A. Furthermore, 
in the reticle blind device 16, movable blind 15B for making adjustable width of face of the scan 
exposure direction of a lighting visual field field apart from fixed blind 15A is prepared, and 
reduction of a scan migration stroke of a reticle stage and reduction of the width of face of the 
protection-from-light band of Reticle R are aimed at by this movable BURAINTO 15B. The 
information on the numerical aperture of movable blind 15B is supplied also to the exposure control 
unit 30, and the value which multiplied the amount of incident light calculated from the detecting 
signal of the integrator sensor 9 by the numerical aperture serves as the actual amount of incident 
light to projection optics PL. 

[0026] Ultraviolet pulsed light IL orthopedically operated in the shape of a slit by fixed blind 15A of 
the reticle blind device 16 irradiates a lighting field [ **** / opening of the shape of a slit of fixed 



http : //www4 . ipdl .ncipi . go .jp/cgi-bin/tran__web_cgi_ejj e 8/16/2006 



JP,1 1-016816,A [DETAILED DESCRIPTION] 



Page 6 of 14 



blind 15A ] by uniform intensity distribution on the circuit pattern space of Reticle R through the 
lens system 17 for image formation, reflective Miller 18, and the main condensing lens system 19. 
That is, the arrangement side of opening of fixed blind 15A or opening of movable blind 15B serves 
as conjugate mostly with the pattern side of Reticle R by the synthetic system of the lens system 17 
for image formation, and the main condensing lens system 19. 

[0027] the basis of ultraviolet pulsed light IL — the image of the circuit pattern in the lighting field of 
Reticle R ~ a both-sides tele cent — through the rucksack projection optics PL, it is the 
predetermined projection scale factor beta (beta is 1/4, and 1/5 grades), and the exposure field of 
the shape of a slit of the resist layer on the wafer W arranged in the image formation side of 
projection optics PL imprints. The exposure field is located on [ of two or more shot fields on a 
wafer ] one shot field. Although the projection optics PL of this example is dioptric ** (refractive 
media), it cannot be overemphasized that a catadioptric system (reflective refractive media) can also 
be used. The Z-axis is taken in parallel with the optical axis AX of projection optics PL hereafter, the 
X-axis is taken to a scanning direction (direction parallel to the space of drawing 1 here) in a flat 
surface perpendicular to the Z-axis, and a Y-axis is taken and explained to the non-scanning 
direction (direction perpendicular to the space of drawing 1 here) which intersects perpendicularly 
with a scanning direction. 

[0028] At this time, adsorption maintenance of the reticle R is carried out on reticle stage 20A, and 
reticle stage 20 A is laid so that it can move slightly to the direction of X, the direction of Y, and a 
hand of cut, while being able to carry out uniform migration in the direction of X on reticle base 
20B. The two-dimensional location of reticle stage 20A (reticle R) and the angle of rotation are 
measured by real time with the laser interferometer in the drive control unit 22. Based on this 
measurement result and the control information from the main control system 27 which consists of a 
computer which carries out control control of the actuation of the whole equipment, the drive motors 
in the drive control unit 22 (a linear motor, voice coil motor, etc.) perform the scan speed of reticle 
stage 20A, and control of a location. 

[0029] On the other hand, adsorption maintenance of the wafer W is carried out on Z tilt stage 24Z 
through the wafer holder WH, Z tilt stage 24Z is fixed on X-Y stage 24XY which carries out two- 
dimensional migration along XY flat surface parallel to the image surface of projection optics PL, 
and the wafer stage 24 consists of Z tilt stage 24Z and X-Y stage 24XY. Z tilt stage 24Z controls the 
focal location (location of a Z direction) of Wafer W, and a tilt angle, and doubles the front face of 
Wafer W with the image surface of projection optics PL by the automatic focus method and the auto 
leveling method, and X-Y stage 24XY performs stepping to the constant speed scanning to the 
direction of X of Wafer W and the direction of X, and the direction of Y. The two-dimensional 
location of Z tilt stage 24Z (wafer W) and the angle of rotation are measured by real time with the 
laser interferometer in the drive control unit 25. Based on this measurement result and the control 
information from the main control system 27, the drive motors in the drive control unit 25 (linear 
motor etc.) perform the scan speed of X-Y stage 24XY, and control of a location. The rotational 
error of Wafer W is amended by rotating reticle stage 20A through the main control system 27 and 
the drive control unit 22. 

[0030] The main control system 27 sends various information, such as reticle stage 20A and each 
migration location of X-Y stage 24XY, passing speed, migration acceleration, and location offset, to 
the drive control units 22 and 25. And synchronizing with Reticle R being scanned at a rate Vr in the 
direction of +X (or the direction of -X) to the lighting field of ultraviolet pulsed light IL through 
reticle stage 20A at the time of scan exposure, Wafer W is scanned in the direction of -X (or the 
direction of +X) to the exposure field of the pattern image of Reticle R through X-Y stage 24XY by 
rate beta-Vr (beta is a projection scale factor from Reticle R to Wafer W). 

[0031] Moreover, the main control system 27 performs control for synchronizing with migration of 
reticle stage 20A at the time of scan exposure migration of each blade of movable blind 16B 
prepared in the above-mentioned reticle blind device 16. Furthermore, the main control system 27 
sets up the various exposure conditions for carrying out scan exposure of the resist of each shot field 
on Wafer W with proper light exposure, cooperates also with the exposure control unit 30, and 
performs the optimal exposure sequence. That is, if the command of the scan exposure initiation to 
one shot field on Wafer W is emitted by the exposure control unit 30 from the main control system 
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27, the exposure control unit 30 will compute the integral value of the amount of incident light to 
projection optics PL through the integrator sensor 9 while starting luminescence of the ArF excimer 
laser 1. The integral value is reset by 0 at the time of scan exposure initiation. And the output (an 
oscillation frequency and pulse energy) of the ArF excimer laser 1 and the rate of extinction of the 
adjustable beam attenuator 6 are controlled by the exposure control unit 30 so that the transmission 
of projection optics PL is computed serially and proper light exposure is obtained on each point of 
the resist on the wafer W after scan exposure according to this transmission from the integral value 
of that amount of incident light like the after-mentioned. And luminescence of the ArF excimer laser 
1 is stopped at the time of termination of the scan exposure to the shot field concerned. 
[0032] Moreover, the exposure monitor 32 which consists of a photodetector near the wafer holder 
WH on Z tilt stage 24Z of this example is installed, and the detecting signal of the exposure monitor 
32 is also supplied to the exposure control unit 30. The exposure monitor 32 is having the light- 
receiving side of wrap magnitude for the whole exposure field by projection optics PL, driving X-Y 
stage 24XY, and setting the exposure field of projection optics PL as a wrap location for the light- 
receiving side, and can measure the quantity of light of ultraviolet pulsed light IL which passed 
projection optics PL. In this example, the permeability of projection optics PL is measured using the 
detecting signal of the integrator sensor 9 and the exposure monitor 32. In addition, the illuminance 
unevenness sensor which has the light sensing portion of the shape of a pinhole for measuring 
quantity of light distribution in the exposure field instead of the exposure monitor 32 may be used. 
[0033] In this example, since the ArF excimer laser 1 is used, the adjustable beam attenuator 6, lens 
systems 7A and 7B, and the subchamber 35 that intercepts each illumination-light way to the fly eye 
lens 1 1 - the main condensing lens system 19 from the open air further are formed from the inside of 
a pipe 5, and the desiccation nitrogen gas (N2) which stopped oxygen content very low through 
piping 36 is supplied in [ whole ] the subchamber 35. Similarly, desiccation nitrogen gas is supplied 
also to the whole space inside the lens-barrel of projection optics PL (space between two or more 
lens elements) through piping 37. 

[0034] When supply of the desiccation nitrogen gas has the high airtightness of the subchamber 35 
or the lens-barrel of projection optics PL, once a perfect permutation with atmospheric air is 
performed, it is not necessary to carry out so frequently. However, it is also required to remove those 
impurity molecules with a chemical filter or an electrostatic filter, carrying out the flow of the 
nitrogen gas by which temperature control was carried out compulsorily within an optical path, if the 
permeability fluctuation to which a water molecule, a hydrocarbon molecule, etc. which are 
produced from various kinds of matter (** material, coat material, adhesives, a coating, a metal, 
ceramics, etc.) which exists in an optical path adhere on the surface of an optical element, and 
happen is taken into consideration. 

[0035] Next, with reference to drawing 2 , it explains per [ of the projection optics PL in the 
projection aligner of this example ] permeability measurement system. When performing 
transmission measurement of projection optics PL, as shown in drawin g 2 , X-Y stage 24XY is 
driven and the light-receiving side of the exposure monitor 32 is set as the exposure field of 
projection optics PL. And pulse luminescence of the ArF excimer laser 1 is started, a part of 
ultraviolet pulsed light IL which carries out incidence to a beam splitter 8 is reflected, and incidence 
is carried out to the integrator sensor 9 as ultraviolet pulsed light ILL With this, incidence of 
ultraviolet pulsed light IL2 which passed projection optics PL is carried out to the exposure monitor 
32, and the detecting signal of the integrator sensor 9 and the detecting signal of the exposure 
monitor 32 are incorporated by juxtaposition at the exposure control unit 30. 
[0036] In drawing 2 , the detecting signal of the integrator sensor 9 is supplied to the direct 
permeability count section 63 and the amount integral section 64 of incident light as incidence 
energy Ei through the peak hold (P/H) circuit 61 and the analog-to-digital converter (hereafter 
referred to as "ADC") 62 within the exposure control unit 30. Although the direct permeability count 
section 63, the amount integral section 64 of incident light and the below-mentioned permeability 
operation part 67, and a control section 69 express with this example the function on the software 
performed by the microprocessor, respectively, it cannot be overemphasized that those functions 
may be realized by hardware, respectively. 

[0037] On the other hand, the detecting signal of the exposure monitor 32 is supplied to the direct 
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permeability count section 63 as transparency energy Eo through the peak hold circuit 65 and 
ADC66 within the exposure control unit 30. In the direct permeability count section 63, the division 
of the transparency energy Eo is done with the incidence energy Ei, and the permeability T which 
computed and computed the permeability T of projection optics PL (= Eo/Ei) is supplied to the 
permeability operation part 67. Moreover, in the amount integral section 64 of incident light, 
incidence gross energy e which carries out incidence and which integrated with the incidence energy 
Ei for every ultraviolet pulsed light (addition), and computed and computed incidence gross energy e 
is supplied to the permeability operation part 67. Incidence gross energy e is reset by zero just before 
initiation of pulse luminescence. The permeability operation part 67 is approximated by functions 
[ of incidence gross energy e to which the permeability T supplied is supplied ] (secondary high 
order function [ more than ] or exponential function) T (e), and stores this function T (e) in memory 
68. And at the time of exposure, by substituting incidence gross energy e supplied from the amount 
integral section 64 of incident light for function T (e) read from that memory 68, the permeability 
operation part 67 asks for the permeability T of the current projection optics PL (now), and supplies 
this permeability T (now) to a control section 69. Although not illustrated, the incidence energy Ei 
from ADC62 is also supplied to the control section 69, and the rate of extinction in the output and 
the adjustable beam attenuator 6 of the ArF excimer laser 1 is controlled by the control section 69 so 
that the light exposure of the ultraviolet pulsed light in each point of the resist on Wafer W turns into 
proper light exposure using the incidence energy Ei and transmission T (now). 
[0038] Next, change of the permeability of projection optics PL is measured in this example, and 
with reference to the flow chart of drawing 3 , it explains about the actuation in the case of 
performing scan exposure, performing light exposure control based on the measurement result. 
Measurement of the permeability is performed at the time of operation initiation of a projection 
aligner, and exposure actuation initiation etc. First, in step 101 of drawing 3 , as shown in drawing 
2 , the light-receiving side of the dose monitor 32 is set as the exposure field of projection optics PL, 
and the synthetic numerical aperture of fixed blind 15A and movable blind 15B is set up to 100%. In 
this example, in order for the purpose to ask for the relation of the maximum of incidence energy and 
transmission to projection optics PL, Reticle R is removed from reticle stage 20A, and the scan of 
reticle stage 20A is not performed, either. And pulse luminescence of the ArF excimer laser 1 is 
started. 

[0039] In step 102 following it, the incidence energy Ei corresponding to the energy which actually 
carries out incidence to projection optics PL, and the transparency energy Eo corresponding to the 
energy which actually passes projection optics PL are generated with the exposure control unit 30 of 
drawing 2 by incorporating the output signal of the integrator sensor 9 and the exposure monitor 32 
to juxtaposition. And the incidence gross energy e till then is computed for every pulse luminescence 
by integrating the amount integral section 64 of incident light of drawing 2 with the incidence energy 
Ei, and permeability T (= Eo/Ei) is computed in the direct permeability count section 63. This 
actuation is continuously performed for every pulse luminescence till measurement termination. In 
addition, what is necessary is to use a sample hold circuit for a change of the peak hold circuits 61 
and 65, and just to compute permeability T with a predetermined time interval in the direct 
permeability count section 63 in the amount integral section 64 of incident light that what is 
necessary is just to carry out sequential addition of the detecting signal with a predetermined 
sampling rate, if exposure light is continuation light. 

[0040] Next, in step 103, incidence gross energy [ in each measurement time ] e and permeability T 
are incorporated by the permeability operation part 67 in the exposure control unit 30 at intervals of 
measurement which becomes sufficiently short spacing, for example to the exposure time of one 
shot. At the following step 104, although it is judged whether it is measurement termination, 
measurement time amount is set up so that incidence gross energy e at the time of measurement 
termination may become sufficiently large to the incidence gross energy accumulated between 
exposure of one shot. Measurement time amount is number sec- number lOsec as an example. And 
after it repeats incorporation actuation (count actuation) of the measurement data based on the 
transmission operation part 67 of step 103 at intervals of predetermined measurement and 
predetermined measurement time amount passes, actuation shifts to step 105 from step 104, and is 
stored in memory 68 in quest of transmission [ of projection optics PL ] T (e) by the transmission 
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operation part 67 as a function of a series of incidence gross energy e. This is equivalent to 
memorizing the condition of permeability change of projection optics PL over the incidence energy 
Ei. Function [ of the permeability ] T (e) is used at step 109 under scan exposure. 
[0041] Then, when performing scan exposure, unlike a step-and-repeat method, in the projection 
aligner of step - and - scanning method, performing light exposure control using both a scan speed 
and the light control (the rate control of extinction of the adjustable beam attenuator 6 being 
included) of the exposure light source is performed. That is, considering one on a wafer, the scan 
speed of the wafer stage 24 and the quantity of light of the exposure light source are controlled so 
that the predetermined light exposure to which the point becomes settled from resist sensibility etc. 
in the time amount which passes through the exposure field of the shape of a slit by projection optics 
PL is irradiated to the point. 

[0042] Here, it is the reference value of the output per unit time amount of the ArF excimer laser 1 
(namely, oscillation frequency x pulse energy) E0 It is referred to as [W]. Furthermore, below, let the 
output be the value which multiplied by the rate of extinction in the adjustable beam attenuator 6. 
And when scan lay length of S [cm2] and its exposure field is set to L [mm] and resist sensibility is 
set [ the initial permeability of projection optics PL ] to I [J/cm2] for the area of the exposure field of 
the shape of TO and a slit, it is the initial value VwO of the scan speed of the wafer stage 24 at the 
time of scan exposure, [mm/sec] is as follows. 
[0043] 

VwO =(L-E0 and T0)/(I-S) (1) 

A scan is performed immediately after scan exposure initiation, maintaining the relative physical 
relationship of Reticle R and Wafer W so that the wafer stage 24 may serve as the scan speed. That 
is, when scan exposure is started, in step 106 of drawing 3 , as shown in drawing 1 , Reticle R is laid 
on reticle stage 20A, and the wafer W with which the resist was applied to the wafer holder WH on 
the wafer stage 24 is loaded. And after incidence gross energy e is reset by 0 within the exposure 
control unit 30, the scan of reticle stage 20 A and the wafer stage 24 is started, when the 
synchronization of a scan is taken, pulse luminescence of the ArF excimer laser 1 is started, and the 
incorporation by the exposure control unit 30 of the detecting signal of the integrator sensor 9 is also 
started. Then, movable blind 15B opens gradually and the imprint to the shot field concerned on the 
wafer W of the pattern image of Reticle R is started. The information on the synthetic numerical 
aperture of fixed blind 15A and movable blind 15B is supplied to the amount integral section 64 of 
incident light of drawing 2 . 

[0044] And in step 107, the incidence energy Ei is measured through the integrator sensor 9 of 
drawing 2 , the peak hold circuit 61, and ADC62 for every pulse luminescence, and this incidence 
energy Ei is supplied to the amount integral section 64 of incident light one by one. In step 108 
following it, in the amount integral section 64 of incident light, the energy which multiplies the 
incidence energy Ei supplied for every pulse luminescence by the numerical aperture at that time, 
and is obtained is integrated, it asks for the incidence gross energy e till then, and incidence gross 
energy e from this exposure initiation is supplied to the permeability operation part 67. In the 
following step 109, the incidence gross energy e is substituted for function T (e) (namely, 
permeability data) which expresses with the permeability operation part 67 the permeability read 
from memory 68, and the permeability T (now) which computed and computed the permeability T of 
the projection optics PL current with a predetermined time interval (now) is supplied to a control 
section 69. It is made for the frequency of this count to become sufficiently short to the exposure 
time of one shot. That is, permeability count of projection optics PL is repeated over multiple times 
in the exposure time of one shot, and it asks for the permeability in this time in real time always 
mostly. 

[0045] A control section 69 controls the output of ultraviolet pulsed light IL by the following step 
110 based on the supplied permeability T (now), here - the scan speed Vw of the wafer stage 24 - 
VwO of (1) type from - what is necessary is just to fix the illuminance (per unit time amount, energy 
per unit area) in the front face (wafer side) of the wafer W of ultraviolet pulsed light IL, in order to 
make regularity light exposure in each point on Wafer W, if it is not made to change Namely, what is 
necessary is just to change the output of the ArF excimer laser 1 so that change of the permeability T 
of projection optics PL (now) may be offset (making it in inverse proportion to the permeability T 
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(now)), the value of the permeability T of the projection optics [ in / a certain time of making it such 
concretely and asking / 1 ] PL (now) - Tl and the initial permeability of projection optics PL ~ the 
reference value (initial value) of the output of TO and the ArF excimer laser 1 — E0 ** — the target 
output of the ArF excimer laser 1 for carrying out and making regularity the illuminance of 
ultraviolet pulsed light IL in a wafer side — Et ** — if it carries out — Et It asks as follows. 
[0046] Et =E0 x (TO / Tl) (2) 

Then, a control section 69 is the target output Et for which the output of ultraviolet pulsed light IL 
which passes the adjustable beam attenuator 6 asked from (2) types. The output (an oscillation 
frequency and pulse energy) of the ArF excimer laser 1 or the rate of extinction in the adjustable 
beam attenuator 6 is controlled to become. Next, when scan exposure is not completed at step 111, 
actuation returns to steps 107-1 10 again, and they are count of the permeability of projection optics 
PL, and the target output Et of ultraviolet pulsed light IL at a predetermined time interval. The output 
control of count and the ArF excimer laser 1 is performed. And when scan exposure is completed, 
after actuation shifts to step 112 from step 111, luminescence of the ArF excimer laser 1 is stopped 
and exposure for one shot is completed (step 113), the exposure actuation to the next shot field is 
started (step 1 14). At the time of exposure initiation of the next shot field, count of permeability is 
started as what has recovered the permeability of projection optics PL mostly to the initial 
permeability in step 106. 

[0047] Thus, according to this example, based on the integral value of the incidence energy to the 
projection optics PL measured through the integrator sensor 9, the permeability of projection optics 
PL is mostly measured on real time, and since the output of the ArF excimer laser 1 is controlled so 
that the illuminance of ultraviolet pulsed light IL in a wafer side becomes fixed based on this 
measurement result, even when the permeability of projection optics PL changes, the whole surface 
of each shot field on Wafer W can be exposed with proper light exposure. 

[0048] In addition, although the output of the ArF excimer laser 1 is controlled by the gestalt of 
above-mentioned operation according to the permeability of projection optics PL, as shown in (1) 
type, it is the output E0 of the exposure light source. If fixed, it is the permeability TO of projection 
optics PL. Scan speed VwO of the wafer stage 24 It has a proportional relation. So, when the 
permeability T of projection optics PL (now) changes, the output of the exposure light source is 
fixed and the scan speed of the wafer stage 24 may be controlled in proportion to permeability T 
(now). However, this control can be performed in the range in which a scan speed does not reach the 
upper limit which becomes settled by the stage system. 

[0049] Next, it explains per gestalt of operation of the 2nd of this invention. Although the projection 
aligner of drawing 1 is used also by this example, the measurement approaches of change of the 
permeability of projection optics PL differ. Then, with reference to the flow chart of drawing 4 , it 
explains about measurement actuation of change of transmission and scan exposure actuation of the 
projection optics PL in this example. In case transmission change of projection optics PL is 
measured, this is made to scan like the time of actual exposure in this example using the actually 
exposed reticle R. the scan speed of reticle stage 20A (reticle R) of drawing 1 in the case of this 
measurement — the output of Vm and the ArF excimer laser 1 — Em ** — carrying out — the scan 
speed at the time of those actual scan exposure — Ve and an output — Ee ** — when it carries out, it 
is made for the following relation to be realized among these 
[0050] Vm /Em =Ve /Ee (3) 

That is, it is made for the total quantity of light which carries out incidence to projection optics PL 
while scanning Reticle R from scan initiation to the location of a certain arbitration to become the 
same in the time of measurement and scan exposure. It is Vm =Ve though natural. Becoming is 
desirable. In addition, the quantity of light which actually carries out incidence to the projection 
optics PL of drawing 2 is the quantity of light which multiplied the pattern transmission (= area of 
the lighting field on the area / reticle R of the transparency section in a lighting field) of Reticle R by 
the incidence energy Ei measured by the integrator sensor 9 in the case of this measurement. In 
addition, since pattern permeability is also the value which deducted pattern abundance from 1, it 
may use this pattern abundance. Moreover, the transparency energy Eo measured through the dose 
monitor 32 becomes what multiplied the pattern permeability of Reticle R, and the permeability of 
projection optics PL by the quantity of light which carries out incidence. The object which pattern 
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transmission is known as a function of the location X of Reticle R, and asks for it from the design 
data of Reticle R here is the transmission of projection optics PL. Then, the permeability T of 
projection optics PL can be found [ permeability / of Reticle R / pattern ] from T, then the following 
formulas in the function TR of a location X (X), and the permeability of projection optics PL using 
the transparency energy Eo measured through the incidence energy Ei measured through the 
integrator sensor 9, and the dose monitor 32. The synthetic numerical aperture of fixed blind 15A 
and movable blind 15B has taken more advantaging of the function TR of the pattern transmission 
(X) at accuracy. 
[0051] 

T=(1/TR (X)) x(Eo/Ei) (4) 

Then, first, as step 121 of drawing 4 is shown in drawing 2 , the light-receiving side of the dose 
monitor 32 is set as the exposure field of projection optics PL, Reticle R is laid on reticle stage 20 A, 
and reticle stage 20A moves to a scan starting position. In the following step 122, the design data 
(reticle data) of Reticle R is called from a non-illustrated host computer, and the pattern permeability 
TR corresponding to the location X of the scanning direction of Reticle R (X) is computed by the 
main control system 27 of drawing 1 . Then, in step 123, the scan of reticle stage 20 A (reticle R) is 
started by the command of the main control system 27 like the time of actual exposure, and 
luminescence of the ArF excimer laser 1 is also started. Reticle R is scanned to a scan termination 
location in the direction of +, or the direction of -X. 

[0052] And the location X of reticle stage 20 A measured through the drive control unit 22 at step 
124 is supplied to the main control system 27, the incidence energy Ei measured through the 
integrator sensor 9 for every pulse luminescence is supplied to the direct permeability count section 
63 and the amount integral section 64 of incident light, and the transparency energy Eo measured 
through the exposure monitor 32 is supplied to the direct permeability count section 63. In the 
following step 125, from the location X of reticle stage 20 A, the main control system 27 computes 
the pattern permeability TR current with a period shorter than the period of pulse luminescence (X), 
and supplies a calculation result to the direct permeability count section 63 and the amount integral 
section 64 of incident light. Incidence gross energy e is computed by integrating the amount integral 
section 64 of incident light with the value which multiplied the incidence energy Ei by the pattern 
permeability TR (X) for every pulse luminescence (addition), the permeability operation part 67 is 
supplied, in the direct permeability count section 63, the permeability T of projection optics PL is 
calculated by substituting the incidence energy Ei and the transparency energy Eo for (4) types, and 
a count result is supplied to the permeability operation part 67. Actuation of step 125 is repeated with 
a predetermined time interval, when measurement is completed, it shifts to step 127, and in the 
permeability operation part 67, it asks for the permeability T of projection optics PL as function [ of 
incidence gross energy e ] T (e), and this function T (e) is stored in memory 68 until it becomes 
measurement termination at the following step 126 (i.e., until Reticle R moves to a scan termination 
location). 

[0053] Then, when actually performing scan exposure, in step 128, like step 106 of drawing 3 , as 
shown in drawing 1 , the scan of Reticle R and Wafer W is started, and luminescence of the ArF 
excimer laser 1 is started. And in step 129, measurement of the location X of Reticle R is performed 
by the drive control unit 22 a predetermined period, and measurement of the incidence energy Ei by 
the integrator sensor 9 is performed for every pulse luminescence. And the pattern permeability TR 
(X) computed from the location X of Reticle R is supplied to the amount integral section 64 of 
incident light of drawing 2 , and the amount integral section 64 of incident light calculates incidence 
gross energy e by integrating with the value which multiplied the incidence energy Ei by the pattern 
permeability TR (X), and supplies a count result to the permeability operation part 67. In step 130, 
by the permeability operation part 67, the permeability T of the current projection optics PL (now) is 
computed by substituting the incidence gross energy e for function T (e) memorized by memory 68 
at step 127, and a calculation result is supplied to a control section 69. And in step 131, the output of 
the ArF excimer laser 1 or the rate of extinction of the adjustable beam attenuator 6 is controlled by 
the control section 69 so that fluctuation of the permeability of projection optics PL is offset like step 
110 and the illuminance of ultraviolet pulsed light IL on Wafer W becomes fixed. Subsequent steps 
132-135 are the same as steps 1 11-1 14, and the scan exposure to the shot field concerned and the 
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exposure preparations to the next shot field are made. 

[0054] According to this example, since the pattern permeability of a reticle is also taken into 
consideration, fluctuation of the permeability of the projection optics PL at the time of actual scan 
exposure is more detectable to high degree of accuracy. Therefore, the control precision of light 
exposure is also improving. In addition, although Reticle R shall be scanned in the direction of 
arbitration in the above-mentioned example at the time of transmission measurement, a possibility of 
changing delicately also has the form of function T (e) which expresses the transmission of 
projection optics PL by the scanning direction. Then, the function Tl (e) and T2 (e) are calculated 
for every scanning direction, and you may make it use the function Tl (e) and T2 (e) properly 
according to a scanning direction at the time of scan exposure. When the pattern transmission of a 
reticle is not symmetrical, or when the transmission of the substrate of a reticle itself is not 
symmetrical, light exposure control is performed with high precision by this. 

[0055] Next, it explains per gestalt of operation of the 3rd of this invention. The projection aligner of 
drawing 1 is used by this example, and fluctuation of the permeability of the projection optics PL 
after an exposure halt of ultraviolet pulsed light IL is also measured in this example. That is, in the 
gestalt of the above-mentioned 1st and the 2nd operation, it was the premise that the permeability of 
projection optics PL returned to an early condition immediately after an exposure halt of ultraviolet 
pulsed light IL, and only the exposure for every one scan exposure was simply taken into 
consideration, and it was asking for change of the permeability of projection optics PL. However, 
depending on the recovery rate after an exposure halt of ultraviolet pulsed light IL, permeability may 
not be enough recovered to an initial state by exposure initiation of the following shot after exposure 
termination of a certain shot. Since light exposure big when the low sensibility resist is used 
especially is needed, change of permeability becomes large, and since there is a possibility that it 
may become inadequate recovering the permeability between shots also when shortening the stage 
stepping time between shots etc., in order to be hard coming to recover permeability between shots 
to an initial state and to aim at improvement in the throughput of a projection aligner, it is necessary 
to take into consideration the permeability fluctuation after an exposure halt of ultraviolet pulsed 
light IL. 

[0056] Then, with reference to the flow chart of drawing 5 , it explains about measurement actuation 
of change of transmission and scan exposure actuation of the projection optics PL in this example. 
First, in steps 141-145 of drawing 5 , like steps 101-105 of the gestalt of the 1st operation (the gestalt 
of 2nd operation may be the same as that of steps 121-127), change of the permeability of the 
projection optics PL under exposure of ultraviolet pulsed light IL is measured, and it memorizes in 
memory 68 in quest of permeability T (e) in this example as a function of incidence gross energy e. 
Next, in steps 147-150, change of the permeability of the projection optics PL when not irradiating is 
measured, and it expresses with the function of elapsed time. 

[0057] Where the light exposure which added the predetermined margin to the maximum light 
exposure assumed by projection optics PL at step 146, for example concretely is irradiated, 
luminescence of the ArF excimer laser 1 is stopped. Then, the elapsed time t from a luminescence 
halt is measured at step 147, in the direct permeability count section 63, the permeability T of 
projection optics PL (= Eo/Ei) is computed from the transparency energy Eo and the incidence 
energy Ei at a predetermined time interval by making the minimum pulse number emit light 
momentarily to the ArF excimer laser 1 of drawing 2 in step 148, and this permeability T is supplied 
to the permeability operation part 67. When the count repeat of predetermined and measurement end 
measurement of this permeability, actuation shifts to step 150 from step 149, in the permeability 
operation part 67, approximates the permeability T of projection optics PL as function [ of the 
elapsed time t from a luminescence halt of ultraviolet pulsed light IL ] T (t), and memorizes this 
function T (t) in memory 68. As function T (t), the secondary more than function of the elapsed time 
t which made the multiplier undecided beforehand, or an exponential function can be used. 
[0058] Curvilinear 70C of drawing 6 shows an example of change of the permeability T of the 
projection optics PL after an exposure halt of ultraviolet pulsed light IL (== Eo/Ei), the axis of 
abscissa of this drawing 6 is the elapsed time t from an exposure halt (hour), and an axis of ordinate 
is permeability T (relative value). Moreover, curvilinear 70 A shows the incidence energy Ei (relative 
value) momentarily supplied to permeability measurement, and curvilinear 70B shows the 
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transparency energy Eo (relative value) measured corresponding to the incidence energy Ei. Once 
recovering greatly, after an exposure halt of ultraviolet pulsed light IL, the permeability T of 
projection optics PL is falling gradually, so that the curvilinear 70C may show. Function [ of the 
elapsed time t which approximated the curvilinear 70C to memory 68 ] T (t) is memorized. 
[0059] the time of subsequent scan exposure — the permeability operation part 67 of the main control 
system 27 of drawing 1 to drawing 2 — receiving — under the exposure of ultraviolet pulsed light IL - 
- or — for example, the information which shows whether the exposure of ultraviolet pulsed light IL 
is interrupted in stepping between shots is supplied. Or in the permeability operation part 67, you 
may judge whether it is under [ exposure ] ******** by the existence of the incidence energy Ei 
from ADC62. In step 151 of drawing 5 thus, in the permeability operation part 67 While ultraviolet 
pulsed light IL judges whether it is under [ exposure ] ******** and is irradiating In step 152, 
incorporate incidence gross energy e from the amount integral section 64 of incident light with a 
predetermined time interval, and it sets to step 153. It asks for the current permeability T of 
projection optics PL (now) from this incidence gross energy e and function T (e) memorized by 
memory 68 at step 144. And actuation of steps 152-154 is repeated until it controls the output of 
ultraviolet pulsed light IL to offset change of the permeability T (now) like step 1 10 of drawing 3 at 
the following step 154 and scan exposure is completed at step 155 below. 
[0060] Then, after scan exposure is completed at step 155 and the exposure to one shot field is 
completed at step 159, when it is judged whether the exposure to all shot fields was completed at 
step 160 and exposure is not completed, it returns to step 151. In this case, since it is among stepping 
in order that the wafer stage 24 may move the next shot field to a scan starting position, and the 
exposure of ultraviolet pulsed light IL is interrupted, Actuation shifts to step 156 from step 151, and 
the permeability operation part 67 calculates the permeability TA of the current projection optics PL 
from incidence gross energy e currently first supplied from the amount integral section 64 of incident 
light at the time, and function T (e) memorized at step 145. And just before the scan exposure to the 
next shot field starts, in step 157, the permeability operation part 67 computes the permeability TB of 
the current projection optics PL from function T (t) memorized at old elapsed time t and old step 150 
from exposure interruption of ultraviolet pulsed light IL. In this case, if elapsed time t sets the value 
of permeability [ of 0 ] T (0) to TC, it will set to step 158 and the permeability T with the current 
projection optics PL more nearly actual than a degree type as an example (now) will be computed in 
the permeability operation part 67. 
[0061] 

T(now) =TA-TB/TC (5) 

And when the scan exposure to the next shot field is started and actuation shifts to step 152 from step 
151, light exposure control is performed as a value which becomes settled by (5) formulas about the 
initial value of the permeability of projection optics PL. Thus, when the exposure to all shot fields is 
completed at a line crack and step 160 by the scan exposure to each shot field, exposure actuation is 
completed at step 161. 

[0062] Thus, since fluctuation of the permeability of the projection optics PL at the time of the 
exposure of ultraviolet pulsed light IL being interrupted between shots is also taken into 
consideration according to this example, the light exposure to each shot field on Wafer W is 
controlled more by high degree of accuracy. Next, scan exposure of drawing 5 is explained with 
reference to the flow chart of drawin g 7 about an example of actuation in the case of using at the 
process which actually forms a circuit pattern on Wafer W. First, in step 171 of drawing 7, Reticle R 
is loaded on reticle stage 20A of drawing 1 . In the following step 172, a metal membrane is vapor- 
deposited on the wafer for exposure (it considers as Wafer W), and in step 173, after applying a 
resist on the metal membrane on the wafer W, Wafer W is loaded on the wafer stage 24 of the 
projection aligner of drawing 1 . Next, in step 174, the pattern image of Reticle R is exposed to each 
shot field on Wafer W by the scan exposure method, controlling the quantity of light of ultraviolet 
pulsed light IL like actuation to steps 151-161 of drawing 5 , to offset change of the permeability of 
projection optics PL, so that the illuminance of ultraviolet pulsed light IL on Wafer W becomes 
fixed. 

[0063] Then, in step 175, after developing the resist on Wafer W and etching the metal membrane on 
Wafer W by using the resist pattern as a mask at step 176, a desired circuit pattern is formed in each 



http://www4.ipdl.ncipi.go.jp/cgi-biii/tran_web_cgi_ejje 8/16/2006 



JP,1 1-016816,A [DETAILED DESCRIPTION] 



Page 14 of 14 



shot field on Wafer W by removing a resist pattern. Then, Wafer W shifts to the formation process of 
the circuit pattern of the following layer. In this case, by this example, since the optimal light 
exposure is obtained in each shot field on Wafer W, a desired circuit pattern is formed in each shot 
field on Wafer W with high imprint fidelity. 

[0064] In addition, although the gestalt of the above-mentioned operation applies this invention to 
the projection aligner of step - and - scanning method, this invention can be applied also when 
exposing with the projection aligner (stepper) of a step-and-repeat method. In the case of a stepper, 
the exposure time is controlled by the process corresponding to steps 110 and 1 1 1 of drawing 3 so 
that the addition light exposure to the shot field concerned on a wafer becomes a predetermined 
value. 

[0065] In addition, of course, configurations various in the range which this invention is not limited 
to the gestalt of above-mentioned operation, and does not deviate from the summary of this invention 
can be taken. 
[0066] 

[Effect of the Invention] according to the projection aligner of this invention, this permeability 
change is beforehand measured and memorized using permeability change of the projection optics 
from exposure initiation of an exposure energy beam showing the variation of about 1 law according 
to an exposure. And since change of the permeability of projection optics is presumed from the 
amount of exposure energy beams which carries out incidence to projection optics at the time of 
actual exposure and light exposure is controlled according to change of this permeability, there is an 
advantage which can prevent degradation of the control precision of the light exposure resulting 
from the illuminance fluctuation (or pulse energy fluctuation) on the substrate generated by 
permeability fluctuation of projection optics. 

[0067] Moreover, it is not necessary to add a new sensor which measures the light exposure on the 
substrate side under exposure, and constraint of the tooth space near the stage by the side of a 
substrate is not received. The permeability property storage section in this case, besides the rate of 
change to the total amount of incidence energy of the permeability of projection optics The rate of 
change of the permeability of the projection optics over the elapsed time after interrupting the 
exposure of an exposure energy beam is memorized. An operation system Two kinds of rate of 
change of the permeability memorized by the permeability property storage section, the output of the 
amount addition system of incidence energy, And even when computing the transmission of 
projection optics serially based on the elapsed time after interrupting the exposure of an exposure 
energy beam and the transmission of projection optics is not fully recovered after interruption of the 
exposure of an exposure energy beam, change of the transmission of the projection optics can be 
presumed correctly. 

[0068] Moreover, when this invention is applied to the projection aligner of a scan exposure method 
like step - and - scanning method, good light exposure control precision is acquired by controlling 
light exposure by the scan exposure method so that a fixed illuminance is obtained in respect of a 
substrate, corresponding to permeability fluctuation of projection optics. Next, according to the 
exposure approach of this invention, by measuring the permeability in the condition of having 
actually used the mask at the time of measurement of change of the permeability of projection optics, 
using the projection aligner of a scan exposure method, incorrect-measuring permeability change of 
projection optics is prevented, and it can raise light exposure control precision by fluctuation of the 
amount of incidence energy by the difference in the pattern consistency of a mask. 
[0069] Moreover, according to the manufacture approach of the circuit device of this invention, a 
circuit pattern can be formed on a substrate with high imprint fidelity using the projection aligner of 
this invention. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline block diagram showing the projection aligner used with the gestalt of 
operation of this invention. 

[Drawing 2] In order to measure the permeability of projection optics PL with the gestalt of 
operation of this invention, it is the block diagram showing the condition of having moved the dose 
monitor 32 to the exposure field of projection optics PL which contains a functional block diagram 
in part. 

[Drawing 3] It is the flow chart which shows transmission measurement actuation of the projection 
optics PL in the gestalt of operation of the 1st of this invention, and exposure actuation. 
[Drawing 4] It is the flow chart which shows transmission measurement actuation of the projection 
optics PL in the gestalt of operation of the 2nd of this invention, and exposure actuation. 
[Drawing 5] It is the flow chart which shows transmission measurement actuation of the projection 
optics PL in the gestalt of operation of the 3rd of this invention, and exposure actuation. 
[Drawing 6] It is drawing showing an example of change of the permeability of the projection optics 
PL after an exposure halt of the ultraviolet pulsed light measured with the gestalt of the 3rd 
operation. 

[Drawing 7] It is the flow chart which shows an example of the process which forms a circuit pattern 
in the gestalt of the 3rd operation. 
[Description of Notations] 

I ArF Excimer Laser 

I I Fly Eye Lens 

8 Beam Splitter 

9 Integrator Sensor 

16 Reticle Blind Device 
R Reticle 

PL Projection optics 

W Wafer 

20A Reticle stage 

24 Wafer Stage 

27 Main Control System 

30 Exposure Control Unit 

32 Exposure Monitor 

63 Direct Permeability Count Section 

64 The Amount Integral Section of Incident Light 

67 Permeability Operation Part 

68 Memory 

69 Control Section 
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2*<EB?ftT^5o WPif&t>?S 1 2K 

pj: 9%:%mBmmm<DMnm. m^mmmcomn®. 

Xi i^6«tHJnt«!J^i 2 4>©R>T5£©llflP3$ 

o^aiSLfc^n^vi/xft 1 La, aaapj!ws<si#* 

#{gi^If-AX:/ U v * 8 (cAW-rSo lf-AXXU -y 

10 z 8-zfcm-ztircmn-'Wxytit. ft*$(U§§j;t>&-5 

<E>o 

[0 0 2 4] If— AX:/'J-y£8©jgj®^ &tfEtf* 
tt^ftflffllKKW-WShTx Sft*iJffllJ-X>y h 3 0F<?© 

* u kebs tir*$ 0 s BftSijfflizL - -y h 3 0 

LK»"rsSR^^UX«I L©A»tft*, &#■?-© 

ilClf- AX7"i)yy8 A^EBU COlf-AXX'; 
•y * 8 A *» 6 ©S*fft£ft*£ffi§§ 9 A T"§ft U ft* 

mmss9 A<Dmmm^n^tmm=L-y b 3 0 

[0 0 2 5] fc*-AX7°y •y*8^3gi§Lfc3£yVS;l'X 
ft I Lte, nyf^UyXIl 4^r^T^^7l/7'^ 

K) 1 5 AKAS*-t£<> IS77^yKl 5 AH:, 09* 
30 tf«fB¥4-l 9 6 5 1 3 ^^JC^^tlTI/ 

$i:J6T rxV7h«j tf?) KfftfSidfcEB* 

nfcHipffi*«-rso Mt. urinis-r^j^vmmi 
6 rttc«. iagy"7-r y k 1 5 a ti±micmw®.wmw 

1 SBAWtP.n, C<DnJW}7^"f>b 1 5 BtC<toT 

W^^^X-r-^cD^S^ffilXha-^cofg^ 

;l/R©jgft^©ifgoffiM«:iaoTV>§o 

40 1 5 B ©raP^©1f ^«Sft©Jffll3.x -y h 3 0 iC fe#t$g 

t^f-rs^OAIfftfi^^-So 
[0 0 2 6] Uf^^yy-OKSSl 6©@SX5'(' 
> K 1 5 AT'XU >y httteSEJgSnfcB^/^I/XJt I L 

it. ffemmisyxiki 7. s.ms.^-i 8, %.xs±^> 

>««±T?H«r^-r^K 1 5 AOX'J y httOBBPffl 

so i^-ryKi 5A©r^psp. jummy^-o^ i 



£ - >S £ t5 £ & o T ^ £ o 
CO 0 2 7] mft'VUXKl L(Dt>£T\ ls^?>VR<D 

mmfa®f*i<D\3is&/*z— ><Dmtmm ; ris j b> b y v * 

tfl/4. l/5«) T?» JS»^5SPLOlS«SiKE 

wk-c^s**. "tvmytm.mt, vx.'\±<Dm&<Di/ 

3 y hfeig<D5%<D 1 OCD->3 «y h®tS±£ffiBbTt,> 10 
So #0H©&»tt^P Lt±, -^yh'J-y^^ (Biff 

[0 0 2 8] COtf, bf^l/Rfcfc, l^-^/bX^- 
^ 2 0 A±KtiffiJf?n. \s=f-Z)\,7.7—V2 0 A 

tmc, xarfik Y^fflu EHE*ift»cfWKn'€?*J:3K 
<&B2fftT l/f ^VXf->"2 0A (bf^U 
R) <D2^7C«J^te®, Rt>*(Hlte^f±|gK)»nr:>y h 

2 2 <d u-^mnc «t o t u r * £ -< a k ff-sa £ n 

TVS. cKDstWSS*. RtfSM£fl^lMt*l^i!lW 
"T 5 n V tf n - * «fc t) ft 3 2 7 6 OIM $s 

KS^VT, IKftfelffito- <y b 2 2 rttOlMJj*— * (U 

C00 2 9]— ?5\ ^x^WJi, ^x/^rt/^WHS:^ so 
LTZf;l/hXf-: ^2 4 z±fc»wfiH$21 , u Z7-;b 
KXx-^2 4 Ztt, S»flfi¥JfiP L<=0{*®i:iFfTftX 
Y¥ffi»C»oT2*7C»ft'r*XYX-7 ! — 4 XY± 
tCH€?n> Zf-;H-Xf-y2 4 ZStfXYXf->* 
2 4 XYi^XAXf- v>2 4#«jjKarftTVS. z 
^l/hXf->*2 4 Zti, ^x/nWC07^— *7.f4g 

ffi^t-h7*-AXS^ SW-hU^'Jy^ 
■?SKJfc¥fc P L <D«Bjte^te-&&* x X YXr-^ 2 
4 XY&^x^W©X7jfa^©^gj£S N &tfX35riRU 40 
YfifasWXfv \ZZs*flZft 5„ Zf;l/f-Xf->"24 
Z (>>x/\W) 0 2^7cW*(fi[B» StflUifte&aiM&frJ 

sp^-x y b 2 5 rtco u— ifT^tf-tc: i o r y T)l<Z ■< U 
©fcJflPlffSfcSoVT^ ®Wfal9S;ix«y h 2 srtoffift 

(ij ->^-£lg) l4% XYXr-^2 4XYO 

f^;l/Xr— >*2 0 A^BK-rSC tT-MiE^nSo 
CO 0 3 0] ±ftJS|]?62 7fct, b^;l/X-r— ^20 so 
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A, RO'X YXf-v ! 2 4 XY (DZnZfLiD&mtiLW, 

m3bfflB3-—y b 2 2&CF2 5fci£5. ^bT, ^S8 
ftB#(Cl±, b?^;l/X-r—>'2 OA^LT^P^X 
ft I LOBBW«Wfc:«LTU^^;UR*«+X75Ffil (Xtt 
-X^(6]) fcaulEVr-tfjfefiSttSOKlHJOILT, XY 
*t— 5>2 4XY^LTU^^;l/R<D/^-^{t<Dil 
^ffi^C^LT'i'X/NW^-XTJlRl (Xtt + X*|R|) K 
iSJg/3 • Vr (/3ti^^;UR^P.^X/NW-NCDg^ 

CO 0 3 1] $7^ ±SIW5R2 7«\ ±.M<DU3-t>)\y7 

s^2 o ACD&mtmmTzrz&cDUfflzffva mic^m 

WkZ 7 It. ^X/^W±<D#^3 -V hS«OU^X 

T, ll^SlJ®iX-y h 3 0 tfeMSIbT«®ftS^>- 
^VX^fT-T^o BP"£, ^XAW±01O<D->3-yh 
1fi«^Oit«B3KMttO*g^36l«±iWW3R 2 7 frZUytM 
ffllxx-y h 3 0 lcm-& ZtlZt, Uffitm^-V YZ0 
It A r F x*~> v U— ffflfijR 1 09BX«Mttr« t ft 
tc, -YVx^U-^-trVIJ-g^/r-bTS^^^P L(C 

gpn.x-y h 3 0 T-tt, f^OJ: a K^OAW^MfiDSK)- 
ffi«t •? P L ©Sjgsp^^^a u c cD^jg 

^CJSbT, ^4IS^©'j7X/NW±(r)bi;xhcD§^ 
T®iESS)tS*^# ^tiSi5t, A r Fx+i/7U-f 
KM 1 ©Hi* (»a3J92lSR. Rt>*^;l/Xx^;l/^-) S 

•y hmi&'\<Di£&my£(DmTm^ a r fi^-^L'- 

CO 0 3 2] gfc, *M©Zf;H-Xf->*2 4Z±© 
^xy^^^WHOjfifilfCtiTteW^itiig i 0 
t-^3 2 *<SB?n. i»l€x^ 3 2 O^WS^t 

%Z<0&y6W*ffi7L, XYXf-y*2 4XY^|gi!ibT 
S-TSC,!:T% S^^PL^5ij@bfc^^;l/X^ 

9 Rtfswa*-* 3 2 (oikmm^m^Tmt* 

^PLoajfi^fHtJ-rSo F.SWM ; ex^3 2 

CO 0 3 33 ^JT-JiA r Fx+->Yl/-f» i ^ffl 
^Tt^fcJ6, ^'CysrtA^pr^igET'figge, b>Xm 
7 A, 7B. mcy^^TSU^Xl l~±3>fVt 
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[0 0 3 4] *©K*SJR;tfX<J!)#t&W\ -9-^-v>^ 
3 5Vg»^P L©«W©aH&teffiS^i§a-U; % - 

CO 0 3 5] 5$«C, ^OS&BftggfctSttSS^te 

tc^-r<t5t, XYXf— >*2 4 X Y^riBjftjL.THSlFj'il 
?n5„ ^LT, A r Fi^->TU— tf^jdi (O/Vl/X 
A;l/Xftl LO-a5A<Ej#?nT, ^/^Xftl L 1 
fc, fftK3^RP LfcaaLfcJUtt/WXft I L 2 li N 

KmW3.--y h3 OtSSlOiiSn^o 
[0 0 3 6] 02^431/^T. -Of-^U— £-tr:y9-90 

ftttHI**tt, »fc*J»:i.x -y h 3 0 rt T* tf- ? F 30 

(P/H) 0SS6 K RtfT1-n7- 7 t *J$>\sW®& 
(WT, TADCJ tiqiJO 6 2£;»LTA*fx*,M ; 

e i t^Tm.m&i&mm&Q 3, st/Aw^a^gp 

6 4t«»«hT^«. fiJ&giMtiTg|56 3. A*fft 
««#§P 6 4 , Rtf ft&oaifi*?** SB 6 7 . frjfflgp 6 

n s oat \- f •> x 7 vmm l t *> «t v * c 

[0037] jsawtx* 3 2<Dmmmmt, m 
ytUfflz.- >y h 3 0 rt t? tf — * ^— ;i/ Fines 6 5 x &t>* 

A D C 6 6 ft ft LTSjSx*^^ Eot LTEgSSiS^ 
M-Vff6 3K«»ShT^4. ttSj8il33ft»g&6 3T 
»1x*;I/4S-e o *A**x*;l/^- E i T«IL 
TSi^P LOSiS*T (=Eo/E i) «irtt) 

A*Mfi»#8|S6 4 -p«, am-ts^^i/x^ 

fcKAftfx*,!/*- e Oft*) UTAirtex* 

JM?— e U SfcB L/cA*f^x^.;b^- e ^rjgil 

*»»«6 7{c«^-r§ 0 A*M8x*/l/:p- e «„ so 



»SP6 7«, «»sti*aia*t*«i&snaA«ttx 

m) T (e) TjfiffitU HOIST (e) ^^t'J6 8 

£*&«frrs. fLT< nytmcmmmmmm6 7it, a 

SW£«**#gB6 4*»6fl«ft*n«A«l8x*;l/ip-e* 
?<D**:V 6 8fr<bm&tii2tlfcmmT (e) fcftAf 
5Ci:CJ:otl4CiSfmP LOjlii^T (no 
w) ^r*46 N COjgii^T (now) &$J0S 6 9 (eft 
^HS^fcSAV fMflPffi6 9tc(£ s ADC 6 2 
frSOAiKfX^l/^-E i tft»JtlT*t), $«3 6 
9t*tt, ^OAtJx^l^-E K RZfM^T (no 
w) £fflV>T'7X/\W_hOU:^X hO^TO^/Vl/ 
XftO®ttS*<i8lEBftS££.5J:3K:A r Fi*->v 
WfcS 1 Offi*j, atfBTX«3K» 6 iC&VZffiftm 

[0 0 3 8] Jfefc, *Wc*3V^T©K^^P LOiSii 
^O^ft^rltjiiJ L, ^Ofl-aii^Stca-^v^TJSJtMSiJSS 
*fiV*#Sj£fi»fc*fT5«^©»fi5fcO*, 03 O 

mcnt>tl^> 0 03(DX^>yyi 0 HCfcl^T, 

H 2 ic^-r i -5 B^ws^ex^ 3 2 of^ffi^gi* 
^RPLOBftaiwcRj&artu l«77fyKi 5 a 

RtfRTttr^-O F 1 5 BO^SMPW 1 0 0 % 
*C|»£*ttSo COfi?!lT'{±, SK^^P LlcWTSA 

iti^/b4;-tf)i Affl t mmm t oMfctzmt & o# g 

^■e^Sfei6, ^^;l/RA^U^^;l/X^— ^2 0 Afr 
e.5Jt)^^n^ l/f^^Xf- i?2 0 AO;£SE&fTfc>n 
^:V^o •?" LTx A r Fx^->vlx— if^jgi O/VPXfg 

[0 0 3 9] ■ettfCf^X-r y:/ 1 0 2(i:*5V^T, 02 
oaSftfftlffllxx -y h 3 OTti-YV^^b— ^-tr^+hgR 
tUMt-? 3 2 OffltiM#?:M?iJtc^»PiAtyc tic 
<fc-pT, fife^JSP LKSIISfcAJHf 5x^1/4?— k: 
MlS-TSASfx^l/^-E u Sl>*SK^¥^PL^SI 

B^aia-rsx^.;^— fc^js-rsatiax^.;^— e o 

^±fiE2^5. f LT, ^^l/X^ftt, 0 2OAW^ 
««»g|36 4T*tt, A*fx^;^-E i ^a^tT^tl 

6 3T-WjSj&45T (=Eo/Ei) ZWtiiT&o COK 

&3b\ S^^M^T'fen^ tf-^^-;I/FlsISS6 

i , 6 5 nmo *) \z*ri/-7)\,*—)v Ym&*®m lt> 

A*ffi£fi«#8P6 4 T'ti^WM^^rRlf^O-9-^yj v^- 

u- h Tis^awf nwr «t < > m&mmmm& 6 3 1? 
«m«of^HKi!BT-sia*T*gtii-rmf«tv\ 

[0 0 4 0] ^rtc. Xf'yyi 0 3(^:^o^/^T, S^SiJjaj 
i-'f h 3 oftnwm&ffiM&e 7 Mz.i£ 1 ->3 
•y h (DUimMtctt LT+M&^mmiciiZ «fc 3 J&fHffl 
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fH»JB#lffl«> -CTilLTSfs ec~SlOsec 
T*&3,, f LT, X^y/l 0 3 ©SBS^&gtgB 6 71C 
«k*fHBI-r-^©Bit)ii*ttf^ (fHMbflO ^RfrSgcOft 
WMHn?*»)fiLT, ffi«©ft»$fffltf*lj®L/c&, ft 
miXf'Vyi 0 4A^Xf77l 0 5t^ffbT> 33 10 
ia^j^^Cgp 6 71*11 — aoASflSx*;^— e ©MR 
fcLTSMg-«^3fiPL<0a31*T (e) ^^T^U 
6 8£tS*frr3o Ctitt. A*fx*;l,^-E i icttTZ 

■pfe^o -f-oaHffOISBRT (e) a^S^tffDX-r 

[0 0 4 1] Z<D'&. 3t3tR-)fc*ff5*&, Xfyy- 
K • X* + >;fr£<D}£I5Si)£gBT*liX^-y 7 • 7* 

ty) fcow**fflv^ff5{i4:A«ffton«. IPS, -y-x 
1 jrafco^T***^ ^OjAA^U^i^RP L 

W?n^J;5 C^ol/nXx— v*2 4 (Dltm&gLJklfmyt 
[0 0 4 2] llT% ArFx^i/?ly-f)tgl(r)^ 
¥-) €>S*Mfr£Eo [w] i:-T5o Mtc, OTt-lif 

©w*i±Br^M^6T*<DSE^«r*ufeffifc-r«o t 30 

OS^iOIf^ S [ c m 2 ] , *-<Dii7fcffUsS©7feS 
^iSjtDft^L [mm] , UyXhig^I [J/cm 
2 ] tTZt, jfeSR^BfO^X/NXx-^ 4<D^S 
3*£<D8J8HiVwo [mm/s e c] (i, #<DJ: ? 

[0 0 4 3] 

Vwo = (L • Eo • To)/ (I • S) (1) 
^SSttBIH&ig&tcti:, -^x/NX^r— >*2 4 #^<Dj£S 

ffi«iw«*«sf Looj£jiE^fft>n*. hps, ^ssft 

* s IM)&}£*x3i:, HStDX-r-vT"! 0 6K6^T, 01 
{C^-ri^fCl^^^yl/Xx— v>2 0 A±lC\s?-i'Jl'Rff 
ScB£*U ^x/nX^— 2^2 4±(0"j7X/\^;U^*WHtC 

T\ H^Sijgaia.- >y h 3 0 F^ASMSxiKrt/^— e # 0 
K'J-fe-y hStifc?*, l/f^;l/Xr-i/*2 0Al^x 
/sX-r-^2 4©^S^F»flji&?n, jgiEOraW*<«l6tl 
ft^T'A r i ©/W/XfgfttflS 



^-X-y h 3 0-^(D^t)ji*Lt,^^tl5„ ^<D&, 
{CRTi&^-l'VK l 5 BA^l/^TU^^^l/RfD^^-V 
f^(D'i'X/NW±OSiSv'H -y M^o^tfife^n 
3„ i^T'yl'yKl 5 A. RtfoTI&'y'^-OF 1 5B 

o«ai^waiwp*©«aitts b 2 © 6 4 

[0 0 4 4] fLT> Xf'vT' 1 0 7 /^X 
%7te»C02tDfy7 : -^U-^-byy-9 N t?-7*-;l/ 
FUSS 6 U SCfADC 6 2^LTA*fx^;l/^-E 
itftHMSfW C©A*tx*;l/^-E i*«A^« 

4K#i&2ns. ; tmcm<xv--yy\ o sic 

jnSAIfx^^-E i tc^©£#cr>ffin*3:flti;T 
f5»n§x^;^-^i»LTfnSTOAIf^x^ 
^- e *5£i6, C ©BftMtefr 6 <DA»fix^;l/^- e 
^3S)ii^SI»ai56 7&Cgy&-f & 0 ^Xf77"l 0 9t 

*5v^t, aBs^awau 6 7 1? a, 6 8fr&K&tB 
bfcaa**a-r»»T (e) (hps, aiMs-r-io 
oa««8x*^— e *reA lt, m^nmrnm 

'T»SiffiOja»JI6¥5RP LOaaWST (now) 
U WmLfc^jg^T (now) *SiJfflJg|56 9tc«ie-r 
5o C.(D%\W<nm.m*. 1 ->3 -y hfDSS^P^Ifc^LT 
t^K^Si-jttSo EPS, i-y3 7b<?)lMn 

[0 0 4 5] ^Xf7 7l 1 0T\ M®gP6 9 tt, « 
$&^tlfcjSi§^T (now) filS"^V' > T^^1'/^^l/X^'fi I 

^SiiftVw^ (1) S<DVwo fre^ffc^-tt&l^fe© 

t-rst, •>x/NW±<D#^T'©s^a^-^tc-r§/-c 

;i/^-) *-sfc-rntf«fcv>. hps. }sk^pld[) 
jgii^T (now) <o«fb*ffl3sars«t-5K (^-©a^ 

spT (n ow) icStfcM^^T) , A r Fx+yvb- 

ii^T (now) cDffl^-T. , f9flg%4QRP LO^JWiS 
il^^To, A r Fx^i/vlx— tf^jfil (DtnTJOS^ 
ffl («JWffl) «:Eo fcU, ^x/^T-co^/VI/XTfe 
I LCDBSjg^— felCf&rcltxDA r FX+i>vU-+f^ 
Si ©BUftnTJ^Et i:-T5i:, E. tiJ-xT©.}: 3 fc^ 

[0 0 4 6] Et =Eo X (To /Ti ) (2) 

;bX^I LOtb^Tb 1 ! (2) S«kt)*44>/i:S^tfi73Et 
^Si^^C, A r FX^r->TU— tf^jjgl <Dtt»7D (fgjg 
SiSSt, RaV^l/Xx:^.;^-) , X«Rl^jgE7tgg6T' 

o«jt*i&w»-r'5. ^{c, xf77*i i i x-MMmyt 
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~ i i oicmprm'moymmmmvtsmyt^p horn 

M^<O^W, mW-'WXftl LiDBWmtiEt cDfft», 

>y7l 1 lfre>X^>y7°l 1 2(C^fTbT, A r Fl* 
*s V I — +f^£i(R 1 ©38to6tffcj; ftl, 1 3 y h #©S5 
3foWK7Lfc» (777^1 13), *Ci/ 3 yHR« 
^©BftftfWBflft&afftS (X-r-y^l 1 4) c 

teX^y/l 0 6-p©a«8affl*KttfflHia[UTI/^t, 

[0047] c<D<t5tc*^^«fcntf> ^yf^i/-? 

^l/^-cD^ffifCgoVT&KTfr^SP L©iSi®*£ 

x/\9?ON^p<>l/X3tt I LOflSfitf— jetefc* «fc 3 fc 
A r Fl*y?U- +f%3g 1 <Dtt}^J^fSI® LTW">Sfe 

coo4 8] ±KEo*s£©jg®T*« > mm^ik 

P L<DSjfis(SfCjSUTA r FX+^U-lf^g 1 <Dfctl 
ftJfcMtPLT^Srt, (1) j£J:9&fr«J:5lc> 

(now) tfKftLfcqreica* miattsoa**— s 

iZLT&^T, mm^T (now) tCitftlLT^in^X 
7^—2^2 4(D3^aESfS:*S!lfflILTt,«tV„ dU C<D^| 30 

[0 0 4 9] *fm<D%S2<D$m<£>&mco%3l 

C©ff-»J©|g5<O0 1 ©U-^^l/X^— ^2 0 A (U^ 
;l/R) ©^fijga^V., , ArFX^VWf^il 

©aa^E. <t lt, •en&©siHi©j£SE*7EB$©j£SE 

[00 5 0] V B /E. =Ve /E= (3) 

V„ =Ve fc!S:*©tfS8:U,\, COW-WOIR, so 



m 2 omzyezm p l ic^mcxm-r zftmit. ■< >y- 

9?fHWStt«A*fx*>I/4f-E 1 izl, 
^;l/RO^It-r-^«k D U^*;l/R©{fcBX©|!g&fc b 

nsxwx^^-E 1 , Mit-^ 3 zzD-Lrm 

$!l£*l5iSj®X;?;;U4 r — E o^I^t, L^^;l/R©^ 

*->aM**toBx©i»ftTR (x) , sr^^p 
l oimmmtt t i; -rnwr, wt©^ t> p l 

©igj®5$ST#3<g;3 0 JctiiESgfcfi, ^0;^->lig 
*©IW$fcTR (X) fcfcfc, S^-fyFl 5ARCFBT 

So 

[0 0 5 1] 

T= (1/TR (X) ) X (Eo/E i) (4) 
^CT 5 , ^^©X^'y^l 2 UC*5I/^T. 02(C^ 
t <t 3 fc, tSHBft^JK P L ©«ft««K:B8l«*x * 3 
2cQ§3fe®#K;e£*u Uf^^r-^Z 0 A±{CLx 
^^yl'R^lgM^n, \s3->?A>7s7—V2 0 Ati^lcP^ 
^ffiStC^Sj-rSo ^Xf-^l 2 2(C*5t/>T, 01 

^^l/R^Kft-r— ^ (Ix-^-^;!/^— ^) 

'**->mmmTR (x) 

>v7°l 2 3^^:^3^ / ^T, ±$iJ0^2 7 ©f^tckoT^gl 
R) O^SWiiSJn, A r Fi+y?U- ^^jg 1 ay 

mt^m^z^o b^^;i/R«+73[ni. xt±-x^(pj 

[0 0 5 2] •?• LTx Xf7 7"l 2 4 T\ |g«)$lJffllJLr: 
•y h 2 2^LTSt?SiJ^nfcU'^^;bX7 i -i>'2 0 ACD 

tftgx^±SJ»^2 7icfltt&stu f^y^mtm^y 

E i A<jtSjlil^ft»g|3 6 3, 2itfA«Jie*«fM»6 4 
tefltt&Sft* BaiM*x^3 2^LTffM?n«jSjS 
x*;l/4f-E o*«iS»aa*IWaiJ6 3fC«*&Sft4. 
^T'^l 2 5tCfcV^T, ±*IJ^2 7tt, U^^7 
^X-r— >*2 0 AtOffiBXJ; O-'^l/Xfg^OJaWJ; t)M 
^JSWTSia^^— l/Wm>TR (X) ^gtnb, * 

uit*«i«ftasi«tMm6 3. RxsKm^tmm^e 

fCAj#x*;U:p— e i (C^co^^-^JgJg^T R (X) 
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m isTrnmrnmni® 6 1 icm^ u m&mmmm& 6 
xm^z-^—e i . Rifm.mx.z->i>% : — e o 

£ (4) ^{cftALTS^^P L©iS^T^ItM[ 
U Itff^S^S^«ltgl56 7C«|gt5 0 #<9Xt- 
7^1 2 6Tit«&S7i:&53:T\ E[l^Uf-^;l/RA^ 

7*1 2 5<Dftft*W>I2n, IfflJA^TLfct^^X 
^•y7l 2 HC&fiLT. Sil^»§P6 7T?W\ &S$ 

P L <Djgi®i£ T £ AS* 3»gx*;l/^- e <C« T 10 
(e) tLT*i6, COMSStT (e) 6 8 fcfe 

[0 0 5 3] ^<Df^ ^C^S^^f 3*^-fCt±, . 
Xr-yyi 2 StCfclPT, 0 3 <DX-r -y 7° 1 0 6 tmW. 
dc, 0 l {c?rrf <fc ^ci^^l/RRrj^x/NWO^Stf 

PsW}£ftT, A r Fl+->V1/- FftjUl 

?tl5 0 f LT> Xr'y^l 2 9 fCfc^T, j9T5tJg$!T 

SXWx^;V^- E 1 ©ItSdtffffrnSo ^LT, 20 

(X) A^2©A*f^»*^gP6 4{C«$&^n, A*fft 
M*#gP6 4HA»x^;^-E i tC^-(D/^^ — >jSj® 
*TR (X) ^Ufcl^LTAWix^^-e 

1 3 OfC&l^T, iSjl^ig»g|56 7T*li> X-r>y 
^12 7T'^t'J 6 8tCfE1t£tXfclISgfcT (e) lZ=t<D 

xstm^^- e ttR\LTm&<Dm&yt¥?k pl<d 
mmmi (now) 5»au »aies^Mffl]g[i6 9^ 

ffi^-r^c •?■ LT, ft]fflIgP6 9T«, Xf'^l 3 1IC 30 
*5^T, X^-y^l 1 Oi:^{Cg^^P Lvmm 

?M& t^-Si^tC, A r F -> V U — ifTteid 1 

<DXtv71 3 2— 1 3 5«X^>yn 1 1 ~ 1 1 4 £ 

[0054] c<D^jic«tm±\ >mm 
Lommm^mtrnm ( e ) <Dmmmzmt?&?& 

tl&fc-So ^473|p]ftt^©Mt!(T 1 (e) , 

T2 (e) ^*46Tt5#, l£m.&?mKlZfeW5fa\zfc. 
CT-?-(D|giS[T 1 (e) , T2 (e) £:{£l/V#tf3 <fc 5 



So 

[0055] *ic % *mn<vm3<D$zm<Dftmic-z>%m 

tfttT.i^/^UXft I LCDRSI^ih^S^^P L 

»*?»caa*tfiso»Kift*-e+«'iifi[b3a:v^c 
it. a t £B?fe£^«&g t -r § fc* Kaaapoafb*^ 

TztbK^B >y h^Xf-y ^ >^B#M^*r JSgTr 3 
fc & x 3 -y h fSTOiSil^eDlHl^a^-H* i: & 3 Stx 

[0 0 5 6] *Mfc:fett««R53^3SPLOa 

a*o«fto«-*»^ atfjtftiBaKrf^Ko*, 05 

m5<DX"r^yi 4 1 — 14 51C*5V^T, %g 1 CDHSgO 
ilOXr^yy'l 0 1-1 0 5 h|S|«tc (^2<0||i(D 
iffiOXf^yi 2 1 — 12 7i:ig«rt,«t^) s m?>- 

i l osastf <r>m&ytm% p l oaaB^osft 

^ItS'J U AS^x*;^- e OMS!(i: LT-f-O^jg^ 
T (e) *#i&T**y 6 8^iei«-rSc Xx-y 
7*1 4 7-1 5 0£*5l^TA ^l*^b^l/^^-©S^ 

to 

[0 0 5 7] ^#:6*ItC, Xf'yT'l 4 6TJgR7^¥^P 
ira^fcS^M*^l*?nrc^ft|T, A r Fx*->Tl/- 

ifjtasiossjfcj&ffitr*. xf7 7*i 4 7tj- 

X^-y7°l 4 StCfcl-'-Tx 02©ArFx^->YU-f 
3gj§*ft»g|56 3.C*iV^T, gix^^^-E oRt/A 

^i^^-e i «»: omm^jkP LvmmmT c= e 

ffl*«|il7Lfci:flcimiXf77l 4 9^e,Xx<y7° 

1 5 oiz&fiLT. mmm&nffiG 7m gf^^ 

P LOiSjg^T^^/^l/X^i L©«3fl¥jbtr>&©|8 
ffl^lffltOBBRT (t) tbTififfilU COBBftT 
(t) ^r^^eU 6 8(c|Bti-r§o fOiaiT (t) i:L 



19 



(11) 



WfflW- 1 1-16 8 16 

20 



[0 0 5 8] l26CQfffiiS7 0 Ctt, ffft/WXft I LCD 
J»ftWlL»©S«*£¥* P L cO^iS^ T (=Eo/E 
i) W*jj*U COHGOmttJRlltfPihfr 

&©«»$m t (hour)T\ Mcnmsii^T (fflttffi) t* 

»«h5X»i*^E i (ffi*HBD Sr^U W617 
OB 14, fOXftfx^^-E i fc*fiSLTfNBI*tt3 

S»x*;l/4=— E o OUttffi) *^LTVSo ?<D&W. 
7 o c J: <o ftfrZ J: 3 fc, wxtt i l ©iRWtffik 

tftlCU* fifB}t¥S* P L ©SjI^ T <0SL 10 

fcf£, ^^c<gTUT^5o 6 sfcte, ^-oftta 

7 0 C^JfiffilLfc^Jl^W t (DM$HT ( t ) j&tSEtttSn 

So 

[0 0 5 9] ^cof&cOjfefcBftBfKli. BlOiMM 
2 7*>e>@2©Sifi^8!£g|5 6 7{C^Lr^/^l/X^ 
I L<DJStto>*\ 3U40»J*lf->3 <y h^<DX^<v 

wxae i Lco^w*^»f^nri/^*^^-r 

USA^^nSo aifl*»Jlffl6 7t?tt, AD 

C 6 2*->^C)AI>fx^;l/^-E i OftftlfCtoTfiSitcf 
A-'irSfr^WSLTtxfcl^o CCOct^tCLT, 05<OX 20 
T^-y^l 5 1 Kfcl^T, m^mmmUG 7TU JRfl./* 
>UXft I L WRUM**? 3 U BB*f i: 

££(4, 7x7 7*1 5 2tC*5V1\ RJrJEcDB^fWlSPlT'A 
»3fc»I$MK6 4 e>coA#>f££x*;l,^- e £l£c!3i£ 
Xf'^l 5 3&C:fc^T, L©A*tix^.^^- 
e, Rt>*Xx-y7l 4 4WtU 6 8 tCfEtg^nfcWS 
T (e) «fc»)a»JK*3fiPLOSffioaja*T (no 
w) £#a63o flT, OTOXf-yyi 5 4T*!2 3cD 
1 0 i:lRl«{C-?-£0Jg5a^T (now) cO^fb 

*mm?z£ : 7icmM->*>i'xyti L©a**so»u « 30 

TXf77*l 5 5T**4B7 l e*^T-r-g.ST\ xr^y 

1 5 2-1 5 4©ftfW*t)S*n*. 

[0 0 6 0] ^(O'ik, Xf'^l 5 5 T^SESftjWi&T 
U Xf7 7 1 5 9T'l OCOi/ h -y MSi^©^^^ 
J-r-Silx Xf'^ 1 6 0T?^gpcQ->3 -y higigE'XcOIi 

^tZlClt, Xf7 7*l 5 1 tI5o CDtMSlCli, V 
i^Xf-y2 4 A^c0~>3 -y MBtt&jtSMttttBK: 

L<0fiaHttt«WfLTV^«fci6» mm*Xr-v7l 5 lfr 40 
^Xf^i 5 6tc^ffbr, 9ifi4satffffi 6 7 «5fc"f 

£gx*;l^-e, Rth'X-r-yyi 4 5 TlEltffnfellMft 
T (e) £K). m&om&ft&JkP LO^ia^TA^ff 

SBfutX-^-y y 1 5 7(cfcV>T, igji^^iia3 6 7 

BBt, Sa'Xf7^1 5 0T8E**nfcM»T ( t ) <}: 
tJ^OS^Tt^P Lcojgjd^T B^WajfSo ceo 

SI^HtH t 0 T-cDjgjl^ T ( 0 ) <Offl# TCt so 



TSt, Xr7 7*l 5 8fc*l/*T. Sil*SI»g|36 7T 

«4s -w ^ LT^^ct t> mtEomzxmm p l ©hhm> 
SjI^t (now) *nm?z>o 

[0 0 6 1] 

T (now) =TA-TB/TC (5) 

^lt, *o>>3 >y hmm^<D^mitt^^nxm 

IWXfyyi 5 lfrf.xf'yyi 5 2tc^Tbfci:^ 

tat, t$BK¥&p L<omm&<Mnmmz (5) sees 

3 -y bmm^iD^s.m^nt>n. x-^-y 7" 1 6 0 t± 
. .»© ->3 7h mw^omyttmr l fc t * k x t- y r 1 
6 1 Twettf&wKT-rs. 

[0 0 6 2] c©«t3H:*OT»«:J:nt4*. a y hllBTSS 
x/sW±cog->3 >y h««'\(0||)tt«*<S!lW*n«. # 

*^-rsxsTfflvs«-a-©s!i^£D— A«fco#, 07 

©^a-^^-h^HitTlM^-rSo tc-Ts 0 7 cox 
7-vZf\ 7 1 tC*5V^Ts 0 1 COU^-^^X^— v>2 0 A 
±El/f^l/Rtfn-K?n5. ^OXfyyi 7 2tc 
*J(/>T. H^^co^x/n (^x/nW^-TS) ±tc^« 
P^3»L, Xf7 7'l 7 3£45t^T. ^CO"^ iaW± 
c03ffeJBJK±^Ui7X h*Sft*Lfc», ^x^W^riaicO 

tc, XT77"1 7 4lC:foV->T\ i5CXf7^1 5 1~ 

1 6 1 ST-oftff s»7t^p L<ommm<D 
mtzmmtzkoic, in^^x/NW±Tco^n>'^i/x 

)tl LcoH§|gA^-Si:^:SJ;5(c^7l-/^X^l L<D?6 
**S9Wb**<6» b^-^^RcO^^-Vft^SB^ 
7aST"i7X^W±cO§i/3 -y hWWteHftTS,, 

[0 0 6 3] ^coft, Xf77*l 7 5JCfcV'T, ->x/n 
W±cObS 7 X h<0?l{f^fTt/\ X-r^y^l 7 6 Trolls 
i^X h/^— y?:vX^i:LT'>x/NW±co^Bl^cox 

(c«i:^T> RlfMcOlHllS/^^— V*^x/nW±cOS->3 >y 
h^tc^^tiSo •ecoM, ^x/NWli^coW-Vco 

it, ■i7x^w±co§>'3 -y h^-eaii^sjfeji^c, 

[0 0 6 4] ^:4b\ ±g&Dmffi<D&mi±, *»Xf 

•y r • 7 v k • x^-v zstt(ois&tvmmK.mm bfc 
ffltsctmso xx-y^-co«a-{c« s caj^tfia 

3cOXx>y^l 1 0M"1 1 1 tcWJS-T5XST\ <>x 
[0 0 6 5] ^43, *fgB^«±MiCO||figcOff^fC|5g^5 
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[0 0 6 6] 

[0 0 6 7] «*^oS«iB±^o««»*9KBJ 

-rsi^^gf^iD-tr^- ^jita-rs^g*^<, sir 
mtDrnxm^^—mictt-tzmtmcomc. n^x 

[0 0 6 8] *PMXf7y-7yK-X*t 

tCitJt, ^x^©^2->g5fi<Qiii,H;:<fc3A#ifx 
[0 0 6 9] gfc, #?SW©lE]&x/WX©*!Si#j£K 



[las^ffi^^iKB^] 

[01] #RW©*M©jBttTffifflsnsja«wte3&» 

[0 2 ] *aW©*Sfi<D«!B7f P L Ojgil^ 

©ft$j£fT? fctbic mum*—* 3 2 taie^^ p 
l vmrnmicim ufctt«*^-r-aj«oirn -y *0 

*^ty«iJjE07?;&3o 

[03] #%Bj?©ig 1 <D&M<Dmmic$stf%&myt¥%k 
10 PL©Sja^tf-S9»m a #»fc»fE*^r ^ a - ^ + 

[04] *SgWO»2 0HflfiOJg»K:43tt*a!g^3R 

[05] *mw(om3<DmM<DBm^&i>f%t8Mm¥%k 
[06] *os3©saso»i87»w-S!i*ns^/^p^ 

20 fiFU^-r0-efe-5o 

[0 7] -¥-©^3<0||fi6<D)g^Ct5l,^T@8S^^^ — V* 

[?9#©SiB^] 

1 tf ^ 

1 1 77-l'7-i'U>X 

8 Vf— Axy'J-y? 

9 -<Z/7-?\s— Zlil/y- 
16 U^rt'T^-OKWB 
R 

30 PL 

W ?X/N 

2 0 A l^^l/X-r— i? 
2 4 >)XAXf—>* 

2 7 

3 0 S^Jffll^X-y h 
3 2 figWMtx^r 

6 3 it&jgi^itirgP 

6 4 A^^aa^-gp 
6 7 mtwmm 

40 6 8 

6 9 UM^ 
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